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(57) Abstract 

Railway traffic signalling light comprising a plurality of light emitting diodes (LEDs) more than sufficient to produce total light 
emission adequate for intended usage, at least enough of said LEDs being energisable together to be so sufficient, the plurality of LEDs 
being deployed in an areal array in association with similarly areally distributed emitted light concentrating means effective in conjunction 
with overall light output delivery provision to produce output light of predominantly substantially parallel directionality. 
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Title: PLURAL-LED LIGHTS 

FIELD OF THE INVENTION 

This invention has arisen specifically in relation to 
railway traffic signalling lights but is not necessarily so 
limited in application. 
BACKGROUND TO THE INVENTION 

Railway traffic signalling lights require considerable 
light intensity and conventionally use tungsten filament 
lamps, normally (at least in UK) with a back-up provision 
against first lamp or lamp filament failure and different 
lines of brightness visible to indicate normal operation 
and such failure resulting in resort to the back-up lamp/ 
filament, respectively. Maintenance requirements and 

costs remain related to first tungsten lamp/filament 
failures, and it is an object of this invention to seek 
improvement in this respect. 

Semiconductor light-emitting diodes (LEDs) are 
generally accepted as being inherently very much more 
reliable than tungsten filament lamps, but available light 
intensity is many orders of magnitude less. Indeed, even 
the dramatic improvements in LEDs evidenced by commercially 
available single devices with light outputs as high as 
fifteen candelas or so each do not begin to compare with 
tungsten filament lamps in terms of direct practical 
replacement for railway signalling lights, or any other 
applications with similar requirements. In relation to 
railway signalling lights it is a particular object of this 
invention to find a solution permitting practical use of 
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LEDs. 

The fairly obvious expedient of assembling a suffic- 
ient number of LEDs to produce a nominally adequate amount 
of light behind a conventional lamp glass, including same 
of Fresnel type, is not successful in practice, whether or 
not in front of a reflector. The lighted state is simply 
not sufficiently visible far enough away at least in high 
ambient light conditions. As will become evident, this 
situation is believed to be attributable to the inherently 
highly diffuse nature of light emission from LEDs and has 
been overcome herein by imposing desired and effective 
directionality. 
SUMMARY OF THE INVENTION 

According to one aspect of this invention, a plurality of 
LEDs sufficient even after failure of some LED ( s ) to 
produce a totality of light emissions that is adequate for 
intended usage is deployed in an areal array in combination 
with emitted light concentrating means as an effectively 
geometrically distributed light source with emitted light 
having substantially parallel directionality as supplied to 
and through output "glass" means (which might be of 
transparent plastics material, of course) . 

At least for railway traffic signalling lights, it is 
envisaged that tens, even more than a hundred, LEDs will be 
simultaneously energised, say at least 40, typically 50 to 
80 or more. Minimum excess of LEDs over the number nomin- 
ally adequate for intended usage can be in accordance with 
known performance and failure rate of LEDs concerned and 
target servicing/replacement intervals, but is conveniently 
more and with sensing of intermediate number of failures, 
say 2%, perhaps 5% - 10% or more, redundancy and sensing 
anywhere desired below. Sensing is preferably accompanied 
by indication. 

One suitable geometry for such array of LEDs is 
generally concave, say following prescribed curvature (s) , 
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say parabolic, or approximating thereto as adjacent sub- 
array components of lesser curvature (s) or substantially 
flat. A corresponding suitable arrangement of the light 
concentrating means may generally follow the geometry of 
the array of LEDs, say as plural condensing lens elements 
that might correspond with appropriate sub-arrays of said 
array, and may serve to focus to a position having useful 
functional similarity to adequate tungsten lamp filament 
and customary output "glass", say or near at focus for 
Fresnel lens provisions. 

Indeed, following comparison with a tungsten lamp, the 
combination of the array of LEDs and the light condensing 
lens elements can operate after the manner of an areally 
distributed light source concentrated by focussing so that 
all or most output light is as though forward emission 
directly from a tungsten lamp at said position, say effect- 
ively as resembling a tungsten lamp with a reflector 
focussing on the lamp filament rather than producing at 
least some other reflection, perhaps parallel beam, say to 
avoid heating problems from re- focussing onto the tungsten 
lamp. If it is desired to go at least some way towards 
simulating such forward plus other reflected light emission 
of a tungsten filament lamp and reflector arrangement, 
suitable said condensing lens elements could be of a 
compound nature, say with medial or inner edge -adjacent 
parts producing substantially position-f ocussed light and 
outer parts producing substantially parallel beam light, or 
vice versa. 

It is, however, technically feasible for the 
combination of the array of LEDs and the light concent- 
rating means to produce a predominantly parallel light 
beam, preferably divergent by less than about 2° or 3°, and 
said lens elements might be progressively different going 
outwardly for a generally concave array. Such substant- 
ially wholly parallel light beam may simplify output lens 
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requirements, as could first discussed position-focussing 
for substantially wholly forwardly directed light from such 
position, say a point or line. Compound partly position 
focussed and partly otherwise directed light could 
facilitate use of existing output "glass" systems, i.e. as 
for tungsten lamp units . 

Whilst there can be expected to be prima facie proc- 
urement and fabrication advantages in using substantially 
identical condensing lens elements and/or sub-arrays of 
LEDs in generally corresponding geometrical configurations, 
say represented by appropriately configured individual sub- 
strates carrying same, the lens elements and their config- 
ured transparent substrate might be moulded as an integral 
unit that would allow simple production even for different 
and/or compound lens element parts, i.e. with only some 
increase in initial tooling costs, perhaps not a great 
increase given impact of computer aided design and computer 
controlled tool-making techniques. Indeed, the geometries 
of the LED array and lens element substrates could differ, 
say to aid assembly at least of the LEDs in banks/trees 
thereof, within what is compensatable by differing lens 
elements, that could include (for this or other purpose) 
varifocal features (rather than merely above- indicated 
bifocal features) . 

Connection of LEDs in plural banks/trees thereof in 
appropriate serial/parallel relation for electrical drive 
current facilitates further connection and interconnection, 
including with any desired degree of redundancy and alter- 
native selection for active operation, say automatically at 
sensing some prescribed one or more failures of LEDs or 
blocks/trees thereof . 

Practical alternative involves simply sensing voltage 
and/or current change resulting from failure of a predeter- 
mined one of more of the LEDs, and indicating such failure. 

Other highly practical embodiments of this invention 
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arise by departure from simulation of tungsten filament 
lamps, basically in favour of directly producing a beam of 
light having high directionality approaching parallel, 
preferably predominantly with only a few degrees of diver- 
5 gence, as to which up to about 5°C has been used for proto- 

types and is suggested without limitation against other 
divergences found to be practical . 

Suitable geometries for the array of LEDs and the 
light concentrating means can have much less curvatures, - 

10 indeed, be substantially flat in terms of substrate (s) or 

other carrier sheet (s) for the LEDs and for plural conde- 
nsing lens elements, or as overall configuration of moulded 
multiple lens element means. A substantially coplanar 
array of substantially identical plano-convex condensing 

15 lens elements will effectively have substantially coplanar 

foci in or near to which focal plane the array of LEDs can 
be positioned. In one implementation, there is correspon- 
dence between sub-groups of the LEDs and individual conde- 
nsing lens elements, i.e. rather than one-one-one corresp- 

20 ondence between LEDs and condensing lens elements (which is 

feasible but felt likely to be less advantageous than first 
preference for two or more LEDs per sub-group) . 

In a first prototype implementation, sub-groups of 
three LEDs a few millimetres in diameter were disposed 

25 close together in mounting holes with centres in a line 

centred relative to a respective plano-convex condensing 
lens element having a diameter of about 2 0 millimetres and 
a focal length of about 100 millimetres. Occurrence of 
rings of brightness was noted using such sub-groups of LEDs 

30 and condensing lens elements, and overall brightness was 

readily adjusted by selectively altering the population of 
selected sub-groups specifically not loading one of the 
three possible in-line LED sites. Whilst such selection 
should be calculable mathematically with sufficiently 

35 detailed areal brightness analysis, selection by trial and 



WO 99/11498 



PCT/GB98/02620 



6 

error is seen as practical. 

Alternatives for the sub-group populations and 
dispositions of LEDs include differently angled lines and 
numbers of LED sites with or without a central LED, sites 
for LEDs at apices or corners of notional triangles (not 
necessarily equilateral) , rectangles (not necessarily 
square) , and polygons (not necessarily regular) . Other 
alternatives include positioning in front of or behind true 
focal points of simple condensing lenses at least by up to 
matching intercept spacings of focal lines with spread of 
LEDs for corresponding sub-groups of LEDs and condensing 
lens elements, or even variation of curvature or peripheral 
shape of the condensing lens elements to produce a small 
but spread focal area rather than single focal point . 

In an array of over 100 LEDs, say in linear subgroups 
of three as above indicated, with circular base condensing 
lens elements in concentrated, staggered relation, it was 
interesting to find that general diffusion of emitted LED 
light was such that loss of light from one LED in a sub- 
group resulted in much less than one- third loss of light 
emission from that corresponding condensing lens element. 

One particular concise array of condensing lens 
elements is generally hexagonal with one more lens element 
in successive rows inwardly from any side. A regular hex- 
agonal array with five lens element sites per side leads to 
61 sites in total of which one was left unused for reasons 
related to sensing failure (s) of LED ( s ) . 

Suitable sensing can be by such simple expedient as 
dividing the totality of LEDs into equal groups each 
associated with its own current sensing circuitry with the 
groups wired in parallel relative to overall sensing circ- 
uitry. The relationship of populations of these groups to 
the totality of LEDs can be such that loss of light from a 
whole group leaves overall emitted light above a relevant 
minimum brightness/light output standard. The inter- 
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relationship between these groups and the above sub-groups 
can readily be such that even loss of light from a whole 
group of LEDs will not result in any sub-group losing more 
than one LED, preferably no two adjacent sub-groups losing 
less than one LED between them, or as may be otherwise 
desired or preferred. 

An inescapable feature of predominantly near parallel , 
only slightly divergent output beams of light is that the 
lighted states will not be observable outside the beams, 
say at the side of a warning light. This is overcome by 
another aspect of this invention, namely a part of or patch 
on a beam output "glass" that is of at least diffusing 
nature, even sideways light-directing nature, say at an 
edge of such "glass" . 

Implication of use without diffusion of output light 
is to be taken as preference, at least for the high light 
output required of railway signalling/warning lamps, but 
not necessarily limiting, say relative to other applica- 
tions found to be feasible. 

it is the case that suitable LEDs are available to 
give red, amber and green light signals directly, i.e. 
through a clear "glass". However, it is equally feasible 
to use high intensity substantially "white light" LEDs and 
use appropriately coloured "glasses", or specific 
colouration filters. 

At least with well focussed, say up to no more than 
about 5%, preferably about 2%, divergent beams advantageous 
for railway signalling use, a further aspect of this inven- 
tion resides in providing for communication of intelligible 
information by modulation of the signal light beam as such, 
say at least for audio and/or visual display of a "stop" 
message along with a "stop" signal light state. Such stop 
message could be of a pre-recorded standard type, and there 
can be other standard messages to accompany any signal 
light state, whether continuously transmitted or initiated 
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by actual sensed presence of an approaching train or by- 
expectation, say based on scheduled approach time. Further 
special messages are equally readily transmitted, whether 
called up from a repertoire of pre-recorded messages inten- 
5 ded to suit various circumstances or corresponding to use 

of a microphone. Engines and cabs will, of course, then 
need to be equipped with a light-sensitive sensing transd- 
ucer and suitable demodulation means to produce drive 
signals for an audio loudspeaker (or head-phones) and/or a 

10 visual display, which provision can be of a quite simple 

and inexpensive nature. 

Such modulated signal light beam communication provi- 
sion is well -suited for use along with further communica- 
tion provision. Convenience and advantage is seen in such 

15 further provision also being of a modulated light beam 

type, even where, as is particularly envisaged, the signal 
light means is associated with a different light transducer 
cell, say for short range communication at least with a 
stopped train then quite close to the signal lights as 

20 would suit any special circumstances, including providing 

information to be passed on to passengers of a passenger 
train. Separation of availability of the first-mentioned 
and further communication facilities is readily achieved, 
say relative to the latter being enabled only after the 

25 train has got so close to the signals that its related 

light transducer is by then out of the relevant signal 
beam, whether or not such engine-associated transducer is 
shared with the further communication provision, as is 
feasible, perhaps advantageous. Indeed, the two communic- 

30 ations systems can be of so much the same or similar type 

as to share transmission modulation and/or reception de- 
modulation means. Moreover, preferred such further commun- 
ication are readily extended to initiate and service data 
communication, whether telemetry from the tain or further 

35 information to the train and its telemetry and/or computer 
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systems etc control, further whether or not always initia- 
ted or only so if the train slows or stops . 
BRIEF DESCRIPTION OF THE DRAWINGS 

Specific implementation will now be described, by way of 
example, with reference to the accompanying diagrammatic 
drawing (s) , in which: 

Figure l shows outline for a first embodiment; 

Figure 2 shows outline for a second embodiment; 

Figure 3 indicates useful arrangements of condensing 

lens elements and LEDs; 

Figure 4 is an outline wiring and fault sensing 
diagram; 

Figure 5 is an alternative outline wiring diagram; and 

Figure 6 is an outline block diagram for light 

modulated communications provision (s) . 
SPECIFIC DESCRIPTION OF ILLUSTRATED EMBODIMENTS 

In Figure 1, a generally concave array 111 of LEDs 112 
is shown with chain-dash ray lines through an also gener- 
ally concave light concentrating arrangement 115 of conden- 
sing lens elements 16 shown both focussing light to posit- 
ion 121 and otherwise passing light in overlapping relation 
to output lens system 125 shown specifically as of double 
convex Fresnel lens type 12 6A, B through and out of which 
light ray lines go continuous. Whilst illustrated light 
ray lines are intended to be helpful, the actual situation 
of highly diffuse light from the LEDs 112 is difficult to 
illustrate, and a viable conception may well be as a 
suffusion of light between the LEDs 112 and the lens 
elements 116 with the latter generally concentrating most 
if not all of the emitted light to the position 121. 

The LEDs 112 are shown carried by a generally concave 
substrate 113 that should be non- transparent and may be 
light reflective within its concavity, and/or peripherally 
about spacing from the condensing lens system 115 . The 
LEDs 112 may be connected in banks or trees and/or on ind- 
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ividual substrates (not shown) that could fit onto facets 
in the concavity of the overall substrate 113 or into a 
plural frame-like alternative, say with electrical conne- 
ctions through to the generally convex rear of substrate 
113 . 

The lens elements 116 are shown carried by a trans- 
parent generally concave substrate 117, which may have flat 
facets 118 in its concavity and an also faceted or smoothly 
convex other surface 119. The whole (116, 117) might well 
be integrally moulded as a unit from transparent, probably 
plastics, material of suitable refractive index; and the 
lens elements 116 may be of simple convex shapes or of more 
complex compound shapes, say at least with flattened tops 
as implied for some unfocussed through-passage of light, or 
otherwise, say for substantially parallel beam output (not 
shown) . 

If the substrates 113 and 117 are concave only through 
the plane of the drawings, the position 121 will be a line. 
If the substrates 113 and 117 are concave also through the 
plane of the [drawing] , the position 121 can have less 
length, in the limit be a point. Such individual LED bank/ 
tree substrates could correspond one-for-one with the cond- 
ensing lens elements 116. 

In Figure 2, a substantially flat planar array 211 of 
LEDs 212 is shown with chain-dash light ray lines through 
a substantially parallel light concentrating arrangement 
215 of condensing lens elements 216 shown (on similar simp- 
lified basis to Figure 1) both producing substantially 
parallel beam light and otherwise passing light in over- 
lapping slightly divergent relation to and through an 
output "glass" provision 225 shown substantially flat. 

The LEDs 212 are shown carried by a substantially flat 
sheet, plate or substrate 213 that is non- transparent , even 
preferably light reflective facing the condensing lens 
elements 216, that could be in one-for-one correspondence 
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with the LEDs 212, see solid lines of Figure 2, or with 
subgroups thereof, see dashed in Figure 2 and LED mounting 
positions as in-line triplets at 312A, B, C in Figure 3 as 
was realised in a prototype by slightly siamesed mounting 
holes in a bright metal plate 313 (visible in superpos- 
ition) . The lens elements 216 are shown carried by a flat 
sheet, plate or substrate 217 that could be transparent or, 
and perhaps preferably light reflective facing the LEDs 
212, see lens element mounting position 316A corresponding 
to one of the LED position triplets 312A, B, C in Figure 3, 
as was realised in a prototype by closely arranged lens 
mounting holes (indicated mostly by centres 316X in regis- 
tration with central ones 312B of the LED positions in a 
bright metal plate 317, say to present individual plano- 
convex lens elements with their flat bases coplanar with 
inner surface of the plate (216, 217 in Figure 2) . Prefe- 
rred practical alternatives for volume production are being 
developed as a printed circuit board for the LED carrier 
217 and as a composite moulded light condensing lens plate 
of transparent plastic material of suitable refractive 
index for integral lens element formations . 

At least for LEDs subgrouped into in-line triplets 
312A, B, C for corresponding condensing lens elements as at 
316A, and overall output light beam at least predominantly 
of low divergence from parallel, say up to about 5°, it has 
been found useful to space the LEDs from the lens elements 
by more than focal lengths of the latter, say at up to 12 0 
millimetres or more for focal lengths of 100 millimetres. 
Overall compensation for unwanted optical effects, such as 
relatively light and/or dark ring effects individually from 
the condensing lens elements 216, and/or achieving improved 
optical effects, could involve selective use of other sub- 
groupings of LEDs 212, including some reduced to doublets 
(whether simply by omission (s) of one of LED (s) at 312A, B, 
C or by other spacing, say intermediate spaced as at 316B) ; 
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and/or of other orientations of in-line LED triplets inclu- 
ding but not limited to some perpendicularly, see at 316C, 
(perhaps alternatingly) , and/or following or transversely 
to radial directions, see at 316D, E; and/or other geomet- 
rical arrangements of subgroups of LEDs, say at apices/ 
corners of triangles, rectangles or polygons with equival- 
ent medial/central LEDs; and/or other lay-out geometries 
for the condensing lens elements 216 and/or those elements 
themselves, and/or optically compound lens element forma- 
tions . 

The lay-out geometry shown in Figure 3 is particularly 
compact as a regular hexagonal array of the condensing lens 
elements 316 shown on a conveniently circular carrier 317, 
see partial intercalation of successive "rows" with progr- 
essive one position increases from each edge of the array. 
With five lens element positions per side, the hexagonal 
array of Figure 3 allows 61 such positions, affording up to 
183 LEDs for full triplet sub-groups . Numbers for lens 
element positions per side are, of course, 37 lens element 
positions and up to 111 LEDs. 

Despite inherently vastly higher reliability of LEDs 
compared with tungsten filament lamps, detection of failed 
LEDs is desirable in a manner related to minimum output 
light specification/requirement. In practice, appropriate 
failure detection provision, it is useful both to provide 
redundancy of LEDs, i.e. more than required for minimum 
performance, and to take into account and benefit from 
diffused nature of LED light emission, for example that a 
prototype as in Figure 3 showed much less than one -third 
loss of light from a condensing lens element 316 for which 
one of its corresponding triplet of LEDs 312A, B, C was not 
lit up, actually only about 20% light loss. 

Figure 4 shows the totality of LEDs divided into six 
equal groups 411 - 416 severally connected in parallel arms 
421 - 426 of a serial/parallel circuit 410, each group (411 
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- 416) and arm (421 - 426) having an associated current 
monitoring circuit 431 - 436, and the whole circuit 410 
having direct current supply 441, parallel capacitive 442 
and resistance/warning light 443/444 branches, and res is - 
5 tive overall monitoring via resister 445 and a.c. source/ 

detector 446. The LED groups 411 - 416 each contain no 
more than one LED from each lens element related subgroup 
(312A, B, C) , preferably adjacent rows thereof. 

For a light having 20% over- specif ication of LEDs 

10 relative to minimum required overall light output, the 

provision of Figure 4 would allow loss of one whole group/ 
arm of LEDs and still be well above such minimum. Fault 
indication might thus be limited or staged relative to loss 
of such whole group/arm or up to that number of individual 

15 LEDs otherwise distributed, perhaps first or second indic- 

ations for one or a low number of LED failures and another 
for a higher number and/or whole group/arm. 

A further inventive provision hereof arises from pred- 
ominance of low -divergence main overall light output, and 

20 need for close-range observation of light state outside 

such beam. To this end, part or an addition 226 to overall 
output "glass" 225 is indicated in Figure 2 for directing/ 
diverting part of output light much more sideways, say as 
an outer sectoral lens part/addition 22 6, conveniently in/ 

25 on a convex output "glass" 225 as shown dashed in Figure 2, 

say at position 326 in Figure 3. 

Alternative fault detection etc strategies include 
normal first operation with part only of the totality of 
LEDs 212 lit up, say one of the groups 411 - 416 as a stand 

30 -by brought in after another of the groups 411 - 416, or 

other predetermined number of the LEDs 212, fails. Indeed, 
any possible LED positions not used in pursuit of multiples 
in and of groups/arms 411-416/421-426 could be used addit- 
ionally or alternatively for fault indication, say in said 

35 or another output "glass" part or addition for sideways or 
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other viewing. 

Turning to Figure 5, alternative provision and wiring 
of LEDs 512 is indicated in doubletons and singletons, as 
have been found to be adequate for required light output 
from such provision of LED locations as first indicated for 
Figure 3 . Wiring is indicated as simply being wholly in 
parallel for each and all of the LEDs, see between full 
array traversing voltage lines 551, 552 and branching 
therefrom to each LED. LED doubletons 512D are shown only 
in the middle three rows, specifically at ends thereof then 
inwardly alternating with singletons. Warning of exceeding 
whatever may be the desired extent of tolerable failure of 
the LEDs is indicated by current measuring circuitry 555, 
normally exceeded minimum threshold value setting/sensing 
means 556, and wiring means 557 operative on loss of output 
558 from the latter (556) . 

Referring to Figure 6, signals control 611 is shown 
for lamp LEDs drive means 613 with a modulator 614 inter- 
posed before the lamp LEDs 612 as such for superimposing 
standard message (s) from pre-recorded source 615 as modu- 
lation of the lamp beam. At the train/engine, photodet- 
ection means 621 has modulated information recovered from 
its output 622 by demodulator 623 for visual display at 624 
and/or audio reproduction at loudspeaker or headphones 625 . 
Minimum in terms of pre-recorded standard message (s) provi- 
sion is seen as a train-must-stop message accompanying a 
red light signal, either continuously or in response to any 
normal track-associated train-approaching sensing/detection 
and/or time-related train- approach expectation as input to 
or part of the signals control 611. There may, of course, 
be other standard messages, for example safe-f or- train-to- 
pass accompanying the green light signal, or whatever. 

Provision is also shown by way of further control 631 
for special message (s) 632, whether also pre-recorded, 
perhaps loop-recorded or otherwise supplied at 63 3 as and 
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when required, or selected from some repertoire of pre- 
recordings at 632; in any event, alternatively or addit- 
ionally provided to the modulator 614, and intendedly 
demodulated and made available in the engine cab visually 
at display 624 and/or audibly at speaker 625. 

Further light modulated/demodulated communications 
provision is shown by way of light emitting/detecting cells 
635 and 63 6 associated with the signals and with the 
engine, respectively. The engine-associated light cell 636 
may, perhaps preferably usually will, be the same as and 
incorporate the functions of the photodetector 621, at 
least if not incompatible with envisaged much shorter range 
of communication for these further provisions using light 
cells 635 and 636, typically close to the signals concer- 
ned, and usable at least when a train has stopped for a red 
signal light. 

Preferred two-way voice communication is indicated by 
way of control, transmission modulation and reception 
demodulation means 637C, T, R associated with the signals 
638C, T, R associated with the engine each with further 
associated microphone 641S, E and speaker 642S, E provi- 
sions that may conveniently be embodied in a telephone-like 
handset, including hands -free type, at least at the engine 
and as implied by the drawing relative to sharing of the 
speaker 625. Recording provisions are further indicated at 
643S, E at both of the signals location and the engine cab, 
whether for so-called "black box" or other purpose. 

Figure 6 further shows preferred two-way data commun- 
ication by way of control transmission and receiving means 
644C,T,R associated with the signals and similarly contr- 
olled from 631, and 645C, T, R at the engine cab, along 
with associated data stores 646 and 647, respectively; and 
telemetry module 648 at the engine cab. 

It should be apparent that plural LED light provisions 
hereof can be applied to other than railway signalling, say 
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to road traffic lights or otherwise where higher light 
intensity is required than hitherto available from LEDs and 
high reliability is important. 
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CLAIMS 

1. Railway traffic signalling light comprising a 
plurality of light emitting diodes (LEDs) more than 
sufficient to produce total light emission adequate for 
intended usage, at least enough of said LEDs being 
energisable together to be so sufficient, the plurality of 
LEDs being deployed in an areal array in association with 
similarly areally distributed emitted light concentrating 
means effective in conjunction with overall light output 
delivery provision to produce output light of predominantly 
substantially parallel directionality. 

2. Signalling light according to claim 1, wherein said 
substantially parallel directionality involves less than 
about 5% divergence. 

3. Signalling light according to claim 1, wherein said 
substantially parallel directionality involves less than 
about 2% divergence. 

4. Signalling light according to claim 1, 2 or 3, 
comprising at least 40 LEDs. 

5. Signalling light according to claim 1, 2 or 3, 
comprising between about 50 and about 80 LEDs. 

6. Signalling light according to any preceding claim, 
comprising means for sensing failure of a number of LEDs 
less than affects sufficiency for intended usage. 

7. Signalling light according to claim 6, comprising 
means for indicating said sensing. 

8 . Signalling light according to any preceding claim, 
wherein the LEDs are connected in series/parallel relation 
defining groups each having member LEDs spread areally over 
said array. 

9. Signalling light according to claim 8, wherein the 
groups are selectable for substitution for energisation 
purposes of one group with one or more failed LEDs by 
another of the groups. 

10. Signalling light according to claim 8 or claim 9, 
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wherein sub-groups of locally proximate LEDs have their 
LEDs in different said groups. 

11. Signalling light according to any preceding claim, 
wherein the light concentrating means comprises an areally 
distributed array of plural condensing lens elements. 

12. Signalling light according to claim 11, wherein at 
least some of the lens elements have areal correspondence 
with associated sub-groups of two or more LEDs that are 
locally proximate. 

13. Signalling light according to claim 12, wherein each 
said lens element is associated with one or two of the 
LEDs. 

14. Signalling light according to claim 12, wherein each 
said lens element is associated with one, two or three of 
the LEDs. 

15. Signalling light according to any preceding claim, 
wherein the array of LEDs has a concave geometry. 

16. Signalling light according to any one of claims 11 to 
15, wherein the array of lens elements has a concave 
geometry. 

17 . Signalling light according to any preceding claim, 
wherein the array of LEDs has a substantially flat 
geometry . 

18. Signalling light according to any one of claims 11 to 
15 or claim 17, wherein the array of lens elements has a 
substantially flat geometry. 

19. Signalling light according to any preceding claim, 
comprising an overall output lens having an edge-adjacent 
sub-lens for sideways viewing of light operation. 

20. Signalling light according to any preceding claim, 
comprising means for modulating the light output in 
accordance with intelligible information. 

21. Signalling light system comprising a signalling light 
according to claim 20 and traffic-borne receiving means for 
deriving said information. 
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22. Signalling system according to claim 21, wherein the 
signalling light further has receiving means cooperating 
with further traffic-borne transmitting means for further 
modulated communication of intelligible information. 
5 23. Signalling system according to claim 22, wherein the 

further transmitting and receiving means are for other than 
light -modulated communication. 



WO 99/11498 



PCT/GB98/02620 




SUBSTITUTE SHEET (RULE 26) 



WO 99/11498 



PCT/GB98/02620 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 99/11498 



PCT/GB98/02620 



4/5 



557 



551 



3ZI 



558 J 



V+ 

1 



556 




555 









I <}» — 512 T 



I H 2 S I 



•Vo 



552 



/ 1 


I } 


1 1 1 


\ 


// 


/ <j><^512D<j> 




<[>512D^j> 


<J>512D^<j> \ 




| <^512D<{> 


<jj^512D([) 


<j^512D<j>512D^|> 


<J>512D^cJ» | 



512D<j> (j>5KHrffi fol2D^cj> 

S T 
III/ 



"512D6 



EE 
3ZI 



Vo. 



F/g.5 



SUBSTITUTE SHEET (RULE 26) 



WO 99/11498 



PCT/GB98/02620 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inh .ional Application No 

PCT/GB 98/02620 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B61L5/18 G08G1/095 F21Q3/00 






According tc 


International Patent Classification (IPC) or to both national classifies 


ion and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by clas ificatio 

IPC 6 B61L G08G F23Q F21Q 


n symbols) 




Documentation searched other than minimum documentation to the extent that si 


ch documents are included in the fields se 




Electronic d 


ata base consulted during the international search (name of data bas 


e and, where practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 


FR 2 586 844 A (S0FRELA SA) 6 March 1987 
see the whole document 


1-5,8, 
10-14, 
17-19 
6,7,9, 
15,20-23 


X 


FR 2 426 381 A (B0URB0UL0N HENRI) 
14 December 1979 

see the whole document 




1-5,8, 
11,14, 
17,18 


X 


DE 25 42 220 A (SIEMENS AG) 31 March 1977 
see the whole document 


1-3,11, 
17,18 






/- 




| X | Further documents are listed in the continuation of box C. 


|X~| Patent family members are listed 




° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 

"P" document published prior to the international filing date but 
later than the priority data claimed 


T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combinea with one or more other such docu- 
ln1he S art UCh comt " natlon being obvlous ,0 a P erson sklilad 

&" document member of the same patent family 


Date of the 




Date of mailing of the international se 


arch report 


6 January 1999 


29/01/1999 




Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Reekmans, M 



page 1 of 2 





INTERNATIONAL SEARCH REPORT 


Int. ional App 


cation No 






PCT/GB 98/02620 


C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document, with indication,where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US 5 636 057 A (DICK GEORGES P ET AL) 


1-5, 




3 June 1997 


11-14, 






17-19 




SG6 xriG who 1 6 documsnx 




Y 


PATENT ABSTRACTS OF JAPAN 


6,7 




vol. 096, no. 002, 29 February 1996 






& JP 07 287043 A (SANKOSHA:KK), 






31 October 1995 




A 


see abstract 


1,4,5,9, 






10 


Y 


— 

PATENT ABSTRACTS OF JAPAN 


9 




vol. 018, no. 589 (M-1701), 






10 Nov6rnb@r 1994 






& JP 06 219279 A (SANKOSHA:KK) , 






9 August 1994 






see abstract 








15 




3 April 1987 




A 


see the whole document 


1-5 


Y 


EP 0 726 554 A (HOCHSTEIN PETER A) 


20,21 




14 August 1996 




A 


see the whole document 


1-5,11, 






19 


Y 


EP 0 330 165 A (SIEMENS AG) 30 August 1989 


20-23 




see the whole document 




X 


EP 0 523 927 A (PRECISION SOLAR CONTROLS 


1-3 




INC) 20 January 1993 






see abstract; claims 











page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 


Inte onal Application No 

PCT/GB 98/02620 


Patent document 
cited in search report 


Publication Patent family 
date member(s) 


Publication 
date 



FR 2586844 A 06-03-1987 NONE 



FR 2426381 A 14-12-1979 BE 876284 A 16-11-1979 

LU 81269 A 16-12-1980 



DE 2542220 A 31-03-1977 NONE 



US 5636057 A 03-06-1997 AU 4479596 A 27-08-1996 

WO 9624802 A 15-08-1996 
EP 0808439 A 26-11-1997 



FR 2588109 A 03-04-1987 NONE 



EP 0726554 A 14-08-1996 US 5633629 A 27-05-1997 

CA 2169037 A 09-08-1996 



DE 8802482 U 22-06-1989 

DE 8805252 U 17-08-1989 

DE 58905348 D 30-09-1993 

ES 2042822 T 16-12-1993 



EP 0523927 


A 


20-01-1993 


US 


5174649 A 


29-12-1992 








AT 


136631 T 


15-04-1996 








CA 


2073751 A 


18-01-1993 








DE 


69209736 D 


15-05-1996 








DE 


69209736 T 


12-12-1996 








FI 


923144 A 


18-01-1993 








JP 


2567552 B 


25-12-1996 








JP 


5190907 A 


30-07-1993 








MX 


9204167 A 


01-05-1993 



Form PCT/ISA/21 0 (patent family annex) (July 1 992) 



